The recent publication of human genome maps by the International Human Genome Sequencing Consortium (10) and Celera Genomics (20) provides a milestone toward the continuing emergence of a "genes-to-drugs" paradigm for drug discovery. These studies estimate that approximately 30 000 human genes exist-equivalent to about 1% of the human genome. Genes provide the molecular template for the human proteome-the complete set of proteins encoded by the genome. It is also important not to exclude noncoding regions of the genome because these sequences contain regulatory elements for gene transcription and related functions that are manifest, for example, in alternative start and stop sites for transcription. The mapping of the human genome represents a major milestone for the drug discovery effort as it moves toward the implementation of sophisticated genomic technologies, which include functional genomics, proteomics, and informatics. These technologies complement the armamentarium of existing core competencies, such as high-throughput screening and mechanism-based assays, medicinal and combinatorial chemistry, structural biology and drug design, cell biology and pharmacology, in vivo disease models, pharmacokinetics and drug metabolism, and preclinical toxicology, as tools for the development of new medicines.
Drug Discovery in Transition
Contemporary drug discovery is built on a foundation of early pioneering work, which has culminated in the successful production of many drugs for cancer, cardiovascular disease, central nervous system (CNS) disease, endocrine and metabolic disorders, immune and inflammatory diseases, and infectious diseases. In retrospect, past achievements have focused on about 500 therapeutic targets (5) . Interestingly, based on a simple biochemical classification, therapeutic targets have included receptors and ion channels (50%), enzymes (28%), hormones and factors (11%), DNA and nuclear receptors (4%), and other targets (2%). On the other hand, a prospective view of therapeutic targets needs to incorporate the spectrum of possibilities afforded by knowledge of the human genome, and it is likely that more than 5000 therapeutic targets may become available for drug discovery in the new millennium. Hence, the quest to identify, assign function to, and validate the thousands of potential new therapeutic targets presents a formidable challenge. Accordingly, the modus operandi of drug discovery is to integrate key genomic technologies to fulfill a genes-todrugs paradigm ( Figure 1 ).
Impact of the Human Genome Map
The human genome has not yet been entirely mapped (about 95% has been sequenced and assembled), and detailed annotation, comparative genomic analysis, and molecular dissection of complex phenotypes will be essential to comprehensively exploit the blueprint of life. The complex nature of the human genome and its estimated 3.2 gigabases is realized with respect to the challenges of mapping genes to contribute protein-coding sequences versus relatively expansive noncoding sequences. Nonetheless, the functions of predicted proteins encoded by the human genome (20) suggest that the major categories include nucleic acid enzymes (7.5%), transcription factors (6%), receptors (5%), hydrolases (4%; proteases dominate this category), and kinases (2.8%). Further, nearly 50% of predicted human proteins do not yet readily fit into these functional categories. Another analysis of the human genome map identifies predicted proteins in terms of structure (10) , as shown in Table 1 , which summarizes the top 25 most frequently occurring protein families or structural domains. Finally, it is noteworthy that the human genome codes for greater than 10 000 secreted proteins. Collectively, these data describing predicted human proteins, extrapolated from the se- quence of almost the entire genome, impact drug discovery significantly by providing a vast spectrum of potential therapeutic targets.
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The genes-to-drugs paradigm for drug discovery begins with disease gene identification and expression using genomic technologies, including a platform of core competencies, to ultimately yield validated therapeutic targets. Some major technologies for disease gene investigation include expressed sequence tag sequencing, secreted protein analysis, differential display, expression profiling, and positional cloning. A number of disease genes have already been directly identified as a result of positional cloning methods using sequence data (10); some examples include genes associated with breast cancer susceptibility (BRCA2), X-linked lymphoproliferative disease (XLP), familial hyperlysinemia (AASS), total color blindness (CNGB3), optic atrophy (OPA1), X-linked congenital stationary night blindness (XLCSNB), hypophosphotemic rickets (FGF23), and progressive pseudorheumatoid dysplasia (WISP3). High-throughput microarray-based methods will further enable the annotation of the human genome by validating predicted exons, grouping exons into genes on the basis of co-regulated expression and defining full-length mRNA transcripts (19) . A map of the human transcriptome-the complete set of mRNAs transcribed by the genome-has been developed, and this map reveals a clustering of highly expressed genes in specific chromosomal regions and may provide a tool for the identification of genes that are overexpressed or suppressed in cancers (3) .
Knowledge of the complete sequence of the human genome will facilitate the ultimate goal of identifying all genes that contribute to disease; efforts to correlate functional categorization of 923 known disease genes with disease characteristics (e.g., frequency, mode of inheritance, age of onset, and reduction of life expectancy) have been launched (13) . It is worth mentioning that several new therapeutic targets have recently emerged from the genome sequencing project, including the serotonin receptor subtype 5-HT 3B (4), the cysteinyl leukotriene receptor subtype CysLT 2 (9) , and β-site amyloid precursor protein-cleaving enzyme homolog BACE2 (6). Furthermore, the analysis of potential therapeutic targets, predicted from the recent human genome map and having a minimum of 70% structural identity to at least 50 amino acids relative to established drug targets, has resulted in the identification of a number of apparently new receptors, ion channels, and enzymes (10) . A map of approximately 1.42 million single nucleotide polymorphisms (SNPs) distributed throughout the human genome has been assembled (12) and is expected to aid in the identification of disease genes for both drug discovery and diagnostic applications.
Separate from the mapping of the human genome, but critical to human functional genomics studies and the development of in vivo disease models, is mapping of the mouse genome and phenotypic analysis (15) . Functional annotation of mouse genome maps (predicted to include about 30 000 genes, similar to the human genome) remains incomplete. However, high-throughput DNAbased mutation detection systems and functional characterization of "trapped" and engineered mutations provide possible routes to further map and exploit the mouse as a powerful tool in the genes-to-drugs paradigm for drug discovery (11) .
Beyond the mapping of the human genome, future studies will employ functional genomics (7, 8, 17) , proteomics (1, 14, 21) , and informatics (2, 16, 18) to provide global analysis (experimental and computational) of RNA and protein expression, protein localization, protein-protein interactions, and chemical modulation of protein pathways. Databases for genome mapping, nucleic acid and protein sequence, and nucleic acid and protein structure exist. Internet resources provide invaluable information and make available databases of relevance to drug discovery and genomic technologies ( 
